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osting by EAbstract This research aims at integrating airborne gamma-ray spectrometric and remote sensing
satellite data to appointment radioactivity of the rocks at Wadi Araba, which is located in the
North Eastern Desert of Egypt. Airborne gamma-ray spectrometric data of the ore as well as con-
struction of lithological and structural maps from Landsat ETM+ image are used to achieve the
present study.
The processing of airborne gamma-ray spectrometric data covering the area produced maps that
showed the distribution and intensities of (eU), (eTh) and (40K%). These maps were correlated with
lithologic and structural maps, which were interpreted from Landsat ETM+ image, to show the
probably hosting zones of radioactive materials. This study is based on the differences of radiomet-
ric data, brightness Digital Number (DNs) values of the rocks, predominant trends and densities of
the structural lineaments, shape and type of weathering products.
The study area is divided into nine lithologic units according to the physical characteristic differ-
ences as well as gamma-ray spectrometer measurements to reveal the mineralized units and zones as
well as the best conditions for exploration of radioactive materials.
These studies recorded some uranium anomalies distributed along NE-SW trending fault zones.
These occurrences are hosted in Rod El-Hamal, El Galala and Duwi Formations. The gamma-ray
spectrometer measurements for some representative zones indicate the presence of eU up to 20 ppmhoo.com (M.I. Mousa).
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Figure 1 Location map of Wadi A
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12 M.A. El-Sadek, M.I. Mousain the northeast direction and exceeding more than 35 ppm along zones fault cutting G. El Galala
El Bahariya and G. El Galala El Qibliya.
The characteristic features responsible for the uranium mineralization are the high fracture den-
sity of the Rod El-Hamal, Sudr and Duwi Formations. These fractures acted as good channels for
hydrothermal ascending ﬂuids and/or the percolating meteoric water. The hematitization accompa-
nied these zones leached uranium which is redeposited and adsorbed onto hematite especially at the
sites of intersection of the main fractures.
The study shows that integrated application of satellite remote sensing techniques and airborne
processed data is a powerful tool in the exploration of radioactive materials.
 2010 National Authority for Remote Sensing and Space Sciences.
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The study area lies in the northern part of the Eastern Desert of
Egypt between latitudes 28490 and 29100N and longitudes
31500 and 32300E. It covers a surface area of about 2800 km2
(Fig. 1). The area is formed mainly from the oldest to the youn-
gest, Carboniferous, Permo-Triassic, Cretaceous, Paleocene,
Eocene, Oligocene and Quaternary sediments. The whole area
is highly affectedby folds, fault sets and joints of different trends.
Several authors such as Shaaban (1969), Mazhar et al.
(1979), El-Aassy (1981), Hermina et al. (1983) and El-Sadekraba area, Northern Eastern Des(1998) studied the lihology, structure and geomorphology of
the North Eastern Desert of Egypt.
Moreover, many workers used the remote sensing data for
geological studies and mapping of different areas in Egypt,
e.g., (Habib, 1982; Sultan et al., 1986; El-Rakaiby et al.,
1988, 1990; El-Rakaiby, 1996; Ramadan et al., 1999; Al Alfy
et al. 2001; Tolba et al., 2000, 2001). Some of them employed
TM and ETM+ data to discriminate the various lithological
units, structural lineaments and ore mineral occurrences, e.g.,
(Barzegar, 1979; Kahile and Rowan, 1980; Abrams et al.,
1984; El-Rakaiby et al., 1988, 1990; Ramadan et al., 1999).ert, Egypt and its Geology (after El-Aassy, 1981 and CONOCO,
Integration of space images and airborne radiometric data 13The radioactive mineralizations in the Egyptian Eastern
Desert have been studied by many authors, the most recent
of which are El-Ghawaby (1973), El Shazly (1973, 1974), Am-
mar and Rabie (1991), El-Rakaiby (1995), El-Sadek (1998) and
Ramadan et al. (1999). Several authors used airborne geophys-
ical data for geological mapping and regional exploration (Re-
eves, 1985; Ramadan and Sultan, 2003).
This study deals mainly with the integration of various re-
mote sensing data (Landsat ETM+ and airborne radiometric
data). Integration of these two different data shows the distri-
butions of the radioactive zones and their relation with lithol-
ogy and structure.
Lithological and structural maps were prepared from the
interpretation of Landsat ETM+ images. Airborne radiomet-
ric data of the investigated area were digitized, processed
and mapped to show the distribution and intensities of equiv-
alent uranium (eU), equivalent thorium (eTh) and potassium
(40K%) anomalies. The airborne radiometric maps were corre-
lated with the interpreted lithological and structural maps.
2. Materials and methodology
Spatial integration of various data sets including geological
map, Landsat ETM+ image and airborne radiometric data
was applied to show the distribution and intensities of eU,
eTh and 40K% in relation to the lithologic units and structural
features in the studied area.
Landsat Enhanced Thematic Mapper plus (ETM+) data of
the studied area were processed for geological and structural
mapping. A single Landsat ETM+ scene (Path 176, Row 40,
date 2002) with eight bands of Landsat-7, about 185 ·
185 km covering the investigated area, has been geometrically
and radiometrically corrected and represented in UTM projec-
tion, WSG84, with an output pixel size of 30 meters, using
topographic maps at scales 1:50,000, 1:100,000 and geological
map of Conoco (EGPC/CONOCO, 1987) as reference maps,
and digitally processed. Digital processing of the Landsat
ETM+ image generated several products ranging from single
band images, to stack image bands (1–5 and 7). False color
composite (FCC) images (7, 4, 2 in RGB), principal compo-
nent (PC) images (4, 2, 1 in RGB), and ratio images (bands
5/7, 5/4, 3/1 and 5/7, 4/5, 3/1) in RGB were used for detecting
the regional tectonic structures, lithological discrimination as
well as revealed anomalous zones in the study area.
An airborne geophysical survey for the study area was car-
ried out by Aero-Service, Western Geophysical Company of
America, in 1984 designated as area – IB (Aero Service Report,
1984). It involved aeroradiospectrometric as well as aeromag-Table 1 Showing the discrimination of each formation in the study
Symbol Formations Lithologic units
Q Quaternary sediments Alluvial sediments, gravel terraces
M El Mokatam Limestone
PG Wadi Irkas Sandstone, limestone, marl
k4 Sudr Chalky limestone
k3 Duwi Chalky limestone, phosphatic sandstone
k2 El Galala Shale, limestone, marl, sandstone
k1 El Malha Sandstone, shale
PT El Qiseib Silt, shale, clay, sandstone
c Rod El-Hamal Shale, limestone, sandstonenetic surveys. Both surveys were conducted along parallel
ﬂight lines that were oriented in a NE-SW direction at
0.93 mile (1.5 km) spacing, while the tie lines were ﬂown
perpendicularly in a NW-SE direction at 6.21 mile (10 km)
intervals. Total-intensity magnetic and multi-channel radio-
spectrometric measurements were made at 304 feet (92.65 m)
intervals at a nominal sensor altitude of 393.70 feet (120 m)
terrain clearance. A high sensitivity 256-channel airborne gam-
ma-ray spectrometer and a Varian V-85 proton precession
magnetometer, mounted in a tail-stinger conﬁguration, were
the primary sensor elements in the Aero-Service CODAS/
AGRS 3000F computer-based digital data acquisition system
(Aero Service Report, 1984).
The obtained aeroradiospectrometric data of Aero-Service
data (Aero Service Report, 1984) were displayed in stacked
proﬁles and maps and interpreted visually. In the present
work, the airborne spectrometric digital data were converted
to image format by applying different processing techniques.
These images were designed to show intensities distribution
of eU, eTh and 40K%.
The processing steps: (a) The data of each element (eU, eTh,
40K) were converted to an image ﬁle with a set of ﬂoating (real)
density numbers (DN). (b) Each element was converted to an
image map ﬁle of the range 0–255 (integer one byte) because
the one-byte image ﬁle is much easier in processing and manip-
ulation. (c) Merging has been made on the three elements im-
age ﬁles to make one multi-band image that could be
manipulated and processed as an ordinary image ﬁle. (d)
Resampling has been made to reproject the produced image
from the Egyptian Transverse Mercator (ETM) system to Uni-
versal Transverse Mercator (UTM) system.
2.1. Discrimination of rock types using remote sensing
2.1.1. False color composite and principal component images
The discrimination between the different rocks in the study area
was achieved by using an image combined from different bands
compositing (FCC) as shown in Table 1 and Fig. 2. Such
images discriminated the rock formation as follows, Rod El-
Hamal Formation (c, shale, limestone and sandstone rocks) is
indicated by reddish brown to dark green color; the Qiseib For-
mation (pt, silt, shale, clay and sandstone rocks) is indicated by
green color; the Malha Formation (k1, sandstones and shale
rocks) is indicated by light brownish green to dark green color;
El Galala Formation (k2, shale, limestone, marl, and sand-
stone) is indicated by reddish yellow to pale yellow color; Duwi
Formation (k3, chalky limestone, phosphatic sandstone) is
indicated by light brown color; Sudr Formation (k4, chalkyarea.
Image colorFCC Image colorPC
White, pale green to reddish brown Pale blue, pale green to purple
Light brown Dark blue to purple or reddish
White to light brown Violet to purple
Light reddish brown Light green
Light brown Dark violet
Reddish yellow to pale yellow Blue to violet
Light brownish green to dark green Bright green to dark green
Green Green
Reddish brown to dark green Dark green
Figure 2 False color composite image bands 7, 4 and 2 in RGB colors, respectively, with geographic projection.
14 M.A. El-Sadek, M.I. Mousalimestone) is indicated by light reddish brown color; Wadi Irkas
Formation (PG, sandstone, limestone and marl) is indicated by
white to light brown color; El Mokatam Formation (M, lime-
stone) is indicated by light brown color; Quaternary deposits
(Q, alluvial sediments and gravel terraces) are indicated by
white, pale green to reddish brown color (Fig. 2).
The principal component (PC) used for the discrimination
between the rocks in the study area as shown in Table 1 and
Fig. 3. El Galala Formation is indicated by blue to violet color,Figure 3 Principal component image 4, 2 and 1 in RGDuwi Formation (k3) is indicated by purple or reddish violet
color; Sudr Formation (k4) is indicated by light green color;
Wadi Irkas Formation (PG) is indicated by violet to purple
color; El Mokatam Formation (M) is indicated by dark blue
to purple or reddish color and Quaternary deposits (Q) are
indicated by pale blue, pale green to purple color (Fig. 3).
This discrimination is based on the differences in the color
of rock units due to the differences in minerals and chemical
composition and consequently the ratio of the reﬂectance toB colors, respectively, with geographic projection.
Integration of space images and airborne radiometric data 15absorption of electromagnetic waves. The rocks composed of
high felsic minerals, i.e., rocks rich in silica, exhibited more re-Figure 4 Landsat ETM+ ratio image 5/7, 5/4, 3/1 i
Figure 5 Landsat ETM+ ratio image (5/7, 4/5, 3/1 in red, green, an
with reddish brown color.ﬂected light. The formations composed of high ferromagnesian
minerals exhibited more absorption.n red, green and blue with geographic projection.
d blue) for study area, showing the alteration zones (A1, A2, A3)
16 M.A. El-Sadek, M.I. Mousa2.1.2. Color ratio image
Band ratio 4/3 shows infrared/red which represents rocks en-
riched in silicates, 3/1 represents rocks enriched in iron oxides,
and 5/7 delineates rocks rich in hydroxyl-bearing phases such
as clay minerals (Pieters and Engler, 1993). Drury and HuntFigure 6 Color composite image of the eU, eTh and 40K% in
Figure 7 Ratio image of eU/eTh, eU/40K%, eT(1989), Rothery (1987) and El-Rakaiby (1996) denoted that
the ETM+ bands 1–4 contain information on iron minerals.
All last ratio images are present in gray color.
False color composite band ratio images (5/7, 5/4, 3/1) and
(5/7, 4/5, 3/1) in red, green and blue, respectively, were createdred, green and blue, respectively, with geographic projection.
h/40k% in RGB with geographic projection.
Figure 8 Concentrations of U%, Th% and 40K% related to
geologic formations.
Integration of space images and airborne radiometric data 17from the ETM+ data to discriminate the exposed rocks in the
study area on the basis of color differences as shown in Fig. 4
and on the alteration zones represented in Fig. 5.
Sedimentary rocks composed of high content of iron miner-
als or relatively high ratio of Fe2O3 and FeO give general dark
color using band ratios 5/7, 5/4, 3/1. Rocks of high content of
iron minerals and low content of clay minerals give a lighter
color than rocks of high content of clay due to the high
absorption of electromagnetic radiation when exposed in the
mapped area, Fig. 4. Generally, the rocks rich in iron show
a bright green color and show a high dark proportion of sec-
ondary iron minerals in their weathered surfaces; the rocks rich
in silica and their weathering products which are kaolin rich
besides silica exhibited a light blue and a light reddish color.
Fig. 4 shows Landsat ETM+ ratio image (bands 5/7, 5/4,
3/1 in red, green, and blue) which represents the relations of
rocks rich in clay (band 5/7), rocks rich in ferrous (band 5/4)
and rocks rich in iron (band 3/1). High zones in hydroxyl-bear-
ing phases such as clay minerals of reddish brown color (Q, M
and PG). Rocks enriched in ferrous oxides are represented by
high zones of green color (C, K3 and K4). Rocks enriched in
iron oxides are represented by high blue color zones (Q and
K2 and main coarse of wadi Araba), but PT and K1 exhibited
dark tonal color due to equal measurements of absorption and
reﬂectance or equal amounts of clay, ferrous and ferric iron.
Fig. 5 shows Landsat ETM+ ratio image (bands 5/7, 4/5,
3/1 in red, green, and blue) of the study area, including all
the studied units but discriminate some alteration zones (A1,
A2, A3) which exhibit reddish brown color. These zones repre-
sent cliffs which have a light toned color rather than the sur-
rounding rocks due to the chemical composition of these
zones which coincides with the k1, k3 and k4. These zones con-
form to the same locations of uranium on the radioactive min-
eralization map of the study area.
2.2. Airborne geophysical surveys
In the present work, the airborne spectrometric digital data
were converted to images format by applying different process-
ing techniques. These images were designed to show intensities
distribution of eU, eTh and 40K%. The resampling process
was necessary to achieve compatibility between the two data
types (Geophysical and ETM+ data) and to ensure the coinci-
dence between the different layers that could be extracted from
both types of data. The areas that have ratio (U, Th) greater
than 35 and uranium content greater than 20 ppm have been
illustrated on Fig. 6. This was done by developing a spatial
model to discriminate the desired values, producing output
raster layers that delineate the areas of greater values.Table 2 Concentration of U, Th and K in the study area.
S. No. Symbol Formation Uranium (ppm) Thorium (ppm
1 Q Quaternary deposits 10 21
2 M El Mokatam 11 10
3 PG Wadi Irkas 7 12
4 K4 Sudr 25 20
5 K3 Duwi 27 18
6 K2 El Galala 12 30
7 K1 Malha 16 45
8 PT Qiseib 15 25
9 C Rod El-Hamal 18 53Fig. 6 illustrates the composite color image exhibited eU,
eTh and 40K% distribution and intensity in RGB, respectively,
i.e., red color represents high eU and poor eTh + 40K%, green
color represents high eTh and poor eU + 40K% and blue col-
or represents high 40K% and poor eU + eTh.
Uranium as red color occurred along fault zones trending
NE along G. El Galala El Bahariya and G. El Galala El Qi-
bliya, while the green color and the blue color for thorium
and potassium, respectively, cover Wadi Araba. This repre-
sents that uranium is located along fault zones but thorium
and potassium migrated with the sediments of Wadi Araba
(Fig. 6).
Fig. 7 shows the ratio values image of eU/eTh, eU/k% and
eTh/k% in red, green and blue, respectively. The color of this
image differs from the color of the composite image of Fig. 6,
this is related to the difference in the ratio values. Where the
high values of eU/eTh match with the sites of uranium anom-
alies are occurring of yellow to orange color, but Wadi Araba
in between has light blue to dark blue color for thorium and
potassium.
Table 2 shows the values of eU, eTh and 40K% taken from
the radioactivity map that represents the percentage of each
rock unit to all units in the study area. Duwi Formation (k3)
is enriched in uranium percentage due to the organic and phos-) Potassium (%) Uranium (%) Thorium (%) Potassium (%)
4 0.07 0.089 0.106
2 0.078 0.042 0.057
2 0.049 0.051 0.057
2 0.177 0.085 0.057
3 0.191 0.076 0.08
5 0.085 0.128 0.14
6 0.113 0.192 0.17
4 0.106 0.106 0.11
7 0.127 0.226 0.2
18 M.A. El-Sadek, M.I. Mousaphatic materials but Rod El-Hamal Formation (c) is enriched
in thorium and potassium due to shale content.
Fig. 8 represents the relation between rock units and con-
centration percentage of uranium, thorium and potassium.
Uranium is concentrated in Duwi (K3) and Sudr formations
(K4) and attains to 0.19–0.18, respectively. Low percentage
is recorded in El Mokatam Formation (M) and Quaternary
deposits (Q) 0.078–0.07, respectively. Thorium is very high in
Rod El-Hamal (C) and Malha Formations (K1) and very
low percentage at El Mokatam Formation (M). Potassium is
similar to thorium in occurrences.
3. Conclusion
The exposed rock units in the studied area from the oldest to
the youngest are Rod El-Hamal Formation (c), Qiseib Forma-
tion (pt), Malha Formation (k1), El Galala Formation (K2),
Duwi Formation (k3), Sudr Formation (k4), Wadi Irkas For-
mation (PG), El Mokatam Formation (M) and Quaternary
deposits (Q).
The study revealed that the false color composite (FCC) im-
age (7, 4, 2 in RGB) and principal component (PC) images (4,
2, 1 in RGB) with ratio images (bands 5/7, 5/4 and 3/1) in
RGB can be used easily to discriminate between rock types
and phases which shows a difference in mineralogical compo-
sition. The ratio images (bands 5/7, 4/5 and 3/1) show zonal
alteration of radioactive elements.
The acidic rocks show the highest reﬂectance values. High
ratio of Fe2O3 and FeO refers to those rocks essentially com-
posed of ferromagnesian or maﬁc minerals and therefore show
the lowest reﬂectance due to the presence of high absorption
features, bands 2 and 4, and weaker absorption of band 7
resulting from OH in kaolin. These results agree with previous
chemical studies carried out on sediments at Wadi Araba area
by El-Aassy (1981).
Geophysical interpretation represents uranium ranges in
their concentration from 0.04% to 0.19% and are concen-
trated along two fault planes which separate between G. El
Galala El Bahariya and G. El Galala El Qbliya and this means
that the high fractures density acted as good channels for the
hydrothermal-ascending ﬂuids accompanied by hematitization
processes and the percolating meteoric water, which leached
uranium mineralization and redeposited or diffused upward
along weak zones especially at the sites of intersection of the
main trends. Thorium ranges in its concentration from
0.04% to 0.9% and is concentrated at the course of Wadi Ara-
ba from west to east as well as potassium which is also concen-
trated along the course of Wadi Araba from west to east
directed to the Red Sea.
From our study area, according to the overlapping of the
two types of digital data (Landsat image ETM+ data and air-
borne gamma-ray spectrometric data) we can represent highly
three anomalies zones, enriched in radioactive mineralization
according to the interpretations of airborne and remote sens-
ing data.
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